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Figure S1 Description
In silico docking studies suggested that both an indole and IPA can be accommodated simultaneously in the PXR ligand binding pocket (Table S1 ). The predicted residues Q285 and C301 that specifically determine interactions with indole and IPA are functionally important because the Q285I and C301A double hPXR mutant was still able to retain activation by rifampicin but was unable to be activated with Indole and IPA ( Figure S1C ). The combination of indole and IPA also activated other orphan nuclear receptors that play a role in intestinal barrier protection (e.g., FXR), suggesting a crucial role of indoles in maintaining intestinal barrier function involving multiple nuclear receptors ( Figure S1E ) (Inagaki et al., 2006) . However, hPXR activation was greater in comparison to other nuclear receptors tested ( Figure S1E ). , hNr1i2 and Nr1i2 -/-mice jejunum villi enterocytes following treatment with OLA (5 mg/ml), indole (1 mM) and IPA (1 µM) (n=5 per group).* P < 0.001; **P < 0.05 ; n.s. not significant (Two-way ANOVA with Tukey's multiple comparison test). (A-I) All graphs show mean values ± s.e.m.
Figure S2 Description
Indoles are produced in the intestine from L-tryptophan by the action of bacterial tryptophanase (Tra) enzyme (Wikoff et al., 2009) . This Tra operon is regulated by catabolite repression and Ltryptophan induced transcription antitermination (Cruz-Vera et al., 2005) . Notably, IPA is detectable by UPLC MS MS in the small intestinal tissue when mice were simply administered L-tryptophan (since animal feeds are not enriched in this amino acid) suggesting presence of IPA in the target tissue of interest (Table S2) . IPA repletion in germ free mice decreased intestinal permeability to FITC-dextran ( Figure S2G ). Oxindolyl L-alanine (OLA), a potent tryptophanase inhibitor, blocks production of indoles and its metabolites in the intestine (Martino et al., 2003; Phillips et al., 1984) . To determine the effect of indole and IPA on key parameters of intestinal barrier function, Nr1i2
Nr1i2
-/-and hNr1i2 mice intestinal epithelium were exposed to OLA ex vivo. IPA concentrations were analyzed in intestinal tissues using tandem mass spectrometry based methods ( Figure S2H ). Blocking indole and IPA production in all mice genotypes resulted in enhanced enterocyte TNF-α mRNA expression and diminished expression of junctional regulators (Zo-1 and E-cad), consistent with its prior role as an anti-inflammatory mediator ( Figure S2I ) (Bansal et al., 2010) . Ex vivo rescue of indole and IPA depletion resulted in significant reduction in TNF-α and increase in Zo-1 and E-cad mRNA expression ( Figure S2I ). Importantly, these effects were absent in Nr1i2 -/-mice, thus establishing PXR as an important enterocyte target of IPA ( Figure S2I ). +/+ and Nr1i2 -/-mice jejunum crosssections (top) and assessment of villus: crypt ratio (bottom) (n=5 per group). *P ≤ 0.001 (student's t-test Three dimensional models of IPA and indole were created using the Builder module of MOE and the structures were optimized using AM1 potentials and subject to stochastic conformational search. The resulting conformations were clustered and a representative member from the highly populated, low energy ranking cluster was chosen for docking studies. To adequately sample this promiscuous binding site 50 independent docking runs were performed for each ligand using the GOLD program (Genetic Optimisation for Ligand Docking) (version 4.1). 
Mice
For certain experiments (Figures S3F and S3I), Nr1i2 +/+ wild-type C57BL/6 mice (6-8 weeks old) were purchased from Jackson laboratory and cohoused with Nr1i2 -/-and/or hNr1i2 mice.
For all other experiments, including all genetic crosses, co-housed littermate controls (7-8 weeks old, female) were used. Nr1i2 -/-and humanized PXR transgenic mice (hNr1i2) were kindly provided by Dr. Jeff Staudinger (University of Kansas) (Staudinger et al., 2001) and Dr. Wen
Xie (University of Pittsburgh) (Dou et al., 2012; Zhou et al., 2006) , respectively. Nr1i2 -/-mice were crossed with Tlr4 -/-mice (purchased from Jackson laboratory, stock no.007227) to generate Nr1i2
-/-double knockout mice. All mice were sex and age matched within experiments, and maintained under a strict 12 hour light/dark cycle with free access to sterilized chow and water.
Genotyping
The primers used for Nr1i2 genotyping were:
Forward primer: 5'-CTGGTCATCACTGTTGCTGTACCA-3'
Reverse primer 1: 5'-GCAGCATAGGACAAGTTATTCTAGAG-3'
Reverse primer 2: 5'-CTAAAGCGCATGCTCCAGACTGC-3'.
The following primers were used for Tlr4 genotyping: For Nr1i2 genotyping the following PCR conditions were used: 94°C for 3 minutes, and then each cycle at 94°C for 30 seconds, 60°C for 1 minute, 72°C for 1 minute, repeated for 38 cycles.
The final cycle extension time was 2 minutes. PCR conditions used for Tlr4 and Tlr2 genotyping were similar to Nr1i2 genotyping except the annealing temperature, which was set at 55°C for 1 minute and 65°C for 0.5 minute, respectively. PCR products were subsequently run on 1% agarose gel for visualization. Genotyping for Nr1i2 -/-and hNR1i2 mice were performed as previously published (Staudinger et al., 2001; Zhou et al., 2006) .
Histology and Immunofluorescence analysis
Briefly, Hematoxylin-eosin stained sections were evaluated in a blinded fashion by a trained 
Isolation of small intestine villi enterocytes
In brief, mice were deprived of food for 12 hours before the experiment and subsequently sacrificed by cervical dislocation. The small intestine (jejunum) was removed and flushed with ice cold PBS. The intestine was opened longitudinally to form a sheet, and tissue sheets were washed with cold PBS. The sheets were incubated at 37 o C with 25 ml citrate buffer (96 mM NaCl; 27 mM sodium citrate; 5.6 mM KH2PO4) for 40 minutes with gentle shaking, and then the supernatant was collected and centrifuged to collect the villus cells. For crypt cells, the sheets were once again incubated at 37 o C with 25 ml citrate buffer with mild agitation for 20 minutes and centrifuged to collect the cells. Enterocytes isolated were subsequently pooled for downstream experiments. Importantly, the validity of enrichment of crypt and villus enterocyte fractions, respectively, were determined by immunoblot analysis for villin-1(villus) (Cell Signaling R814), alkaline phosphatase activity (villus), and immunoblot for PCNA (Cell Signaling, 2586) abundance (crypt) (data not shown).
In vitro transcription assay
These assays were performed in 293T cells. 
Ex vivo treatment of small intestine villi enterocytes with OLA
Freshly isolated small intestine mucosa were incubated in the presence of OLA (5 mg/ml) (Phillips et al., 1984) for 3 hours at 37°C, 5% CO2. After 3 hours of OLA treatment, enterocytes were isolated and pooled for RNA isolation. For rescue experiments, small intestine mucosa were incubated in the presence of indole (1 mM), IPA (1 µM) and OLA (5 mg/ml) for 3 hours duration and subsequently enterocytes were isolated and pooled for RNA isolation. The short duration of exposure (3 hours) required to minimize tissue degradation ex vivo necessitated use of supraphysiological concentrations of IPA. Experiments were performed at least two independent times. OLA has excellent drug-like properties with high predicted oral bioavailability (log P), thus is unsuitable for in vivo studies of luminal bacterial enzyme inhibition (Pubchem, ST093573).
Transmission electron microscopy
Jejunum from mice were removed and 1 mm thick tissue slices were placed in ice cold 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, for 3 hours with continuous shaking, after which slices were rinsed in cold phosphate buffer. These sections were post-fixed in 1% osmium tetraoxide and embedded in epon (Polysciences). Ultrathin 50 nm sections were prepared with LKB ultramicrotome, stained with lead citrate, and examined under a Philips 300 electron microscope (FEI Co.). Twelve identical sections (mid jejunum) from each mouse strain were analyzed for TEM and seven out of twelve sections showed defective tight-junctions in Nr1i2
-/-mice, while none were observed in Nr1i2 +/+ mice. For quantitation of average microvillus length, microvilli from all twelve sections were counted.
Enzyme activity assay
Villi enterocytes isolated from mouse jejunum were pooled and subsequently lysed with RIPA lysis buffer and diluted in 0.1 M carbonate-bicarbonate buffer, pH 10.0. Differentially diluted enterocyte homogenate were exposed to p-Nitrophenyl Phosphate (pNPP) Liquid Substrate System (Sigma). Spectrophotometric quantitation (O.D. 405 nm) of p-nitrophenol (hydrolyzed product of pNPP), was used to measure alkaline phosphatase activity as previously published (Goldberg et al., 2008) . Disaccharidase activity of pooled jejunal villi enterocytes was assessed using modified glucose oxidase peroxidase enzyme system as previously published (Dahlqvist, 1964) . In brief, the assay was done in 96-well microtiter plates and to each well 10 μl appropriately diluted enterocyte homogenate and 10 μl substrate buffer solution of a disaccharidase were added. The plates were incubated at 37°C in humidified atmosphere for 1 hour. After incubation, 300 μl of tris-glucose oxidase (TGO) reagent was added to each well and at O.D. 405 nm was analyzed to measure DPPIV enzyme activity as previously published (Nagatsu et al., 1976) . Experiments were performed at least two independent times each in triplicate.
Tissue myeloperoxidase (MPO) activity assay
Neutrophil infiltration in tissues was quantified by measuring MPO activity in pooled jejunum enterocyte homogenates as described previously (Pfister et al., 2000) . In brief, 50 mg of freshly isolated jejunum enterocytes were pooled and subsequently homogenized in 50 mM phosphate buffer and 0.5% hexadecyltrimethyl-ammonium bromide buffer (Sigma). The mixture was subjected to three cycles of freeze-thawing, followed by sonication for 20 seconds and centrifugation at full speed for 30 minutes. MPO activity was measured by incubating the supernatants with 20 mg/ml O-dianisidine hydrochloride (Sigma) and 20 mM hydrogen peroxide. The reaction was terminated by adding 2% sodium azide. Optical density was read at 450 nm. Experiments were performed at least two independent times each in triplicate and are expressed as units per gram of tissue.
In vivo intestine permeability assay
Age and sex-matched mice were orally administered with 0.6 mg/g body weight of an 80 mg/ml solution of FITC-dextran (FD4, Sigma). 5 hours later, retro-orbital blood was collected from each mouse. Serum was prepared by allowing the blood to clot by leaving it undisturbed overnight at 4°C and then subsequently centrifuged at 3000 rpm for 20 minutes. Dilutions of FITC-dextran in PBS and separately in pooled mouse serum were used as a standard curve.
Absorbance of 50 μl serum was measured at microplate reader with excitation and emission filters set at 490 and 530 nm, respectively (Kaser et al., 2008) . Experiments were performed at least two independent times each in triplicate.
Evans Blue (EB) intestinal permeability assay
Small intestinal permeability assay was performed in two methods with slight modification of previously described protocol (Goldstein et al., 2009; Han et al., 2002) . Briefly, in the first method, 1% EB (w/v) dissolved in phosphate-buffered saline (PBS) was injected intravenously to mice. Macromolecule permeability was detected by protein-EB complex in small intestine (jejunum). After 2 hours, the small intestine was removed (weighing approx. ~ 300 mg) and rinsed for 2 minutes three times in consecutive 6 mM acetylcysteine (in PBS) containers.
Subsequently, the tissues samples were incubated with 4 ml formamide at 50 o C for 24 hours, the amount of dye eluted was estimated by spectrophotometry. In a second method for detecting small intestinal permeability, a laparotomy was performed and a 4-6 cm long jejunal loop was constructed by silk ligatures. Six percent (6%) EB was injected into the loop in a volume of 0.1 ml by means of a 1-ml syringe. After the injections the abdomen was closed with sutures. The surgical procedure was performed during a period of 5-10 minutes of ether anesthesia. The mice were allowed to wake up and were observed for 60 minutes, then they were anesthetized for the second time and blood samples were obtained by cardiac puncture. Two-tenths of a milliliter (0.2 ml) of serum from each mouse was incubated with 4 ml formamide (50 o C, 24 hours) and the amount of dye eluted was estimated with a Shimadzu UV-240 spectrophotometer at a wavelength of 612 nm.
Germ free mice
Germ free mice from Taconic (Hudson, NY) were placed in decontaminated hood for short-term experiments, and maintained in microisolator cages on sterilized Teklad rodent diet (20165), and autoclaved bedding and water supplemented with gentamicin and erythromycin till oral monoassociation experiments commenced. Mice (n=6) were grouped by random assignment using a coin toss approach (mice were predetermined as "heads" or "tails"), into group 1. germ free, group 2. L-tryptophan (Sigma), group 3. Clostridium sporogenes (ATCC 15579; C. sporogenes) and group 4, Clostridium sporogenes + L-tryptophan. The L-tryptophan was administered at a dose and schedule of 10mg/kg body weight per day and in addition, 0.5% (w/v) of L-tryptophan was given in the drinking water. Overnight LB culture of C. sporogenes was administered as a 100 l suspension in LB containing 20% glycerol per day consecutively for six days. Blood was collected by retro-orbital bleed into heparinized tubes and plasma extracted by centrifugation at 3000 g for 10 minutes. Metabolites were extracted from plasma with methanol, according to the protocol of Wikoff et al (Wikoff et al., 2009 ) and from tissues using methanol/PBS (1:3)
followed by centrifugation and vacuum concentration. All the extracts were analysed by UPLC-
MS/MS.

Commensal depletion
Commensal depletion of Nr1i2 -/-and Nr1i2 +/+ mice, were carried out according to the published method (Reikvam et al., 2011) . Subsequently, mice from each genotype were divided into two groups and randomly assigned by coin toss (Figure 2D ), 1. C. sporogenes + L-tryptophan (n=12) and 2. Heat killed C.sporogenes + L-tryptophan (n=12). The L-tryptophan was administered at a dose and schedule of 10mg/kg body weight per day and in addition, 0.5% (w/v) of L-tryptophan was given in the drinking water. Overnight LB culture of C.sporogenes was administered as a 100 l suspension in LB containing 20% glycerol per day consecutively for six days. Then they were subjected to the indomethacin dosing (n=6 per group) as described under the experimental procedures section in in vivo toxic small intestine injury models. 48 hours later mice were sacrificed and tissues harvested and processed for H & E staining and tissue myeloperoxidase (MPO) activity assay. Similarly, in another experiment ( Figure 6D ), Nr1i2 +/+ mice (n=8 per group) were commensal depleted for 15 days only using a published method (Reikvam et al., 2011) . IPA at 20mg/kg/day was adminstered for five days and KDO2 was given as described under the experimental procedures section in vivo toxic small intestine injure models. After 24 hours, permeability assay was performed as described under the experimental procedures section in vivo intestine permeability assay.
Real-Time Quantitative RT-PCR
2 μg of total RNA extracted from pooled villi enterocytes with TRIzol ® (Invitrogen), were reverse transcribed with random hexamer primers and SuperScript TM III-RT enzyme (Invitrogen). Quantitative PCR (qPCR) reactions using TaqMan universal PCR master mix and TaqMan probes containing FAM as the 5′ reporter fluorochrome and tetramethylrhodamine (MGB) as the 3′ quencher fluorochrome, were performed in triplicate for each sample and analyzed on the ABI Prism 7900HT system. Primers and minor groove binder/non-fluorescent quencher probes used for PCR amplification were obtained from Applied Biosystems as well as the following assays on demand: Mm00500910_m1 (Occludin), Mm00493695_g1 (Zo-1),
Hs00152937_m1 (human TLR4), Hs01114265_g1 (human PXR), Hs02511055_s1 (UGT1A1), Hs00184500_m1 (hMDR-1), Hs00604506_m1 (CYP3A4) and Hu ACTB (β-actin). Mouse unfolded protein response RT 2 ProfilerPCR Array (PAMM-089ZA) was procured from, SABiosciences. Controls include RT-minus RNA samples. PCR reaction conditions for all assays were set at 50°C for 2 minutes, 95°C for 10 minutes, followed by 40 cycles of amplification (95°C for 15 seconds then 60°C for 1 minute). Experiments were performed at least two independent times each in triplicate.
Site-directed mutagenesis
pSG5-PXR and pSG5-PXR-Q285I/C301A were used for transactivation assay as described previously. Mutant pSG5-PXR-Q285I/C301A was generated using the Quick-Change SiteDirected Mutagenesis Kit (Agilent Technologies, Santa Clara, CA).
The following primers were used: 
Immunoblot
Freshly isolated jejunum villi enterocytes were pooled and subsequently lysed in RIPA lysis buffer containing 50 mM Tris (pH 7.5), 1% NP-40, 0.5% sodium deoxycholate, 0.05% SDS, 1 mM EDTA, 150 mM sodium chloride, protease inhibitors (Roche) and phosphatase inhibitors (Sigma). 100 μg total lysates were heated to 95ºC for 5 minutes in 5x SDS sample buffer and loaded on 10% SDS-PAGE. Proteins were transferred to Nitrocellulose membranes (Bio-Rad laboratories). Membranes were stripped in western stripping buffer (Pierce) and re-probed sequentially with corresponding antibodies. Experiments were repeated at least two independent times each with three different exposure times.
Tandem mass spectrometry (UPLC-MS/MS)
IPA concentrations were analyzed in pooled plasma, intestinal tissue and feces by extraction and UPLC-MS/MS methods. In brief, samples were extracted then analyzed by an UPLC-MS/MS Acquity and Xevo-TQS (Waters) Separation was achieved on an octadecyl column (Acquity UPLC CSH C18 1.7 µM 2.1*100mm and guard-column 0.2 µm*2.1mm, Waters), equipped with a guard column. Column oven was set at 60°C. 40°C, desolvatation temperature 80°C desolvatation gas 1000 (l/hr) and cone gas at 150 (l/hr).
The optimal collision energy was 18 a.u. with a dwell time of 30 ms per transition.
To demonstrate sensitivity, a linear calibration curve was created by serial dilutions of the stock standard (1-1000 ng/ml) in mouse plasma (data not shown, r 2 = 0.999091). The lower limit of quantitation (LLQ) for this assay is 5 picogram on the column with a signal to noise (S/N) ratio of 168.00. Tissue concentrations were established by normalizing to total protein content (NanoDrop 1000 Spectrophotometer, Thermo Scientific) in cleared lysates (membrane-free) injected into columns.
Molecular Docking studies
Three dimensional structure of mPXR was modeled using the hPXR co-crystallized with hyperforin (PDB code:1m13, (Watkins et al., 2003) as a template to the homology modeling program Modeller version 9.0 (Sali and Blundell, 1993) . The resulting three dimensional structure was further refined via 1000 steps of conjugate gradient based energy minimization using Amber (version 9.0), with Amber charges as adopted in the Molecular Operating Environment (MOE) program (version 10; Chemical Computing Group, Montreal, Quebec, Canada). The binding site for mPXR was derived from hPXR-hyperforin complex and has been well characterized based on structural information derived from the variety of ligands that it binds to. Three dimensional models of IPA and indole were created using the Builder module of MOE and the structures were optimized using AM1 potentials and subject to stochastic conformational search. The resulting conformations were clustered and a representative member from the highly populated, low energy ranking cluster was chosen for docking studies. To adequately sample this promiscuous binding site 50 independent docking runs were performed for each ligand using the GOLD program (Genetic Optimisation for Ligand Docking) (version 4.1) (Jones et al., 1997) . The docked complexes were scored using Goldscore, Chemscore and a customizable scoring scheme that was previously designed to classify activators and nonactivators of PXR Kortagere et al., 2009; Kortagere et al., 2010) . The best ranking complexes were then energy minimized using Amber force field adopted in MOE program. Further, the PXR complexes consisting of IPA and indole were subject to molecular dynamics simulations with a production run of 3ns using Amber force field adopted in MOE.
In vivo toxic small intestine injury models
In brief, mice were injected a single dose of indomethacin (85 mg/kg body weight)
intraperitoneally and 48 hours later mice were sacrificed and tissues harvested. For anti-CD3
antibody induced small intestine inflammation model, we have followed a previously published protocol (Clayburgh et al., 2005) . Briefly, mice were injected intraperitoneally with 200 μg anti-CD3 antibody (clone 2C11, BD biosciences) in 200 μl of PBS. 3 hours later, mice were sacrificed and jejunum sections were carefully removed and tied at both ends with same length sutures. Weights of individual jejunum sections were measured for quantitation of enteropooling (intestinal weight/length in mg/cm). In the intestinal I/R injury model, we have followed a previously published protocol (Zhao et al., 2002) . Briefly, mice were gavaged with 0.6 mg/g body weight of an 80 mg/ml solution of FITC-dextran (FD4, Sigma) and 15 minutes later anaesthetized by pentobarbital (50 mg/kg intraperitoneally). A laparotomy was performed, followed by occlusion of superior mesenteric artery with a microvascular clamp (BRI, Inc.
Catalog # 34-2805). After 20 minutes of ischemia, the clamp was removed and incision closed.
Mice were allowed to recover from anesthesia and serum collected retro-orbitally following 3 hours of reperfusion. In the low dose endotoxic shock model, mice were initially sensitized with an intraperitoneal injection of 40 mg D-galactosamine (Sigma) administered 15 minutes before an intravenous injection of 50 ng of E. coli ultra pure O111:B4 lipopolysaccharide (LPS) (Sigma) (Roger et al., 2009) . We have developed a protocol for gut mucosal endotoxemia model, where we deliver 200 μg of highly potent LPS substitute KDO2-lipid A (Catalog # 699500P;
Avanti Polar Lipids, Inc.) via sterile injection directly into mice jejunum. These mice were already pre-gavaged with 200 μl of 10% sodium-bicarbonate 15 minutes earlier to decrease gastric acidity. 24 hours after the injection, mice undergo FITC-dextran gavage, mRNA expression analysis and necropsy studies.
Bone marrow transplantation
Mice (6-8 weeks) receiving bone marrow transplantation were irradiated (600 RAD) on the morning of transplantation and 4-6 hours later, immediately before transplantation. Bone marrow were harvested from femurs and tibias of 6 weeks old Nr1i2 +/+ or Nr1i2 -/-mice with RPMI (10% Fetal Calf Serum), and cell suspensions were washed and diluted to a concentration of 30 x 10 6 cells/ml in HBSS. Seven and a half million (7.5 x 10 6 ) cells/ 250 μl were injected intravenously into the lateral tail veins of the recipient mice by random assignment based on a coin toss.
Transplanted mice were placed on antibiotic water (0.7 mM neomycin sulfate, 80 mM sulfamethoxazole and 0.37 mM trimethoprim) for 2 weeks after irradiation, and then given autoclaved water to reconstitute normal gut flora. Mice were kept for 6 weeks to ensure full engraftment and maturation of the immune system before experiments (Olson et al., 2006) .
BrdU and TUNEL staining
Mice were injected with 1 mg bromodeoxyuridine (BrdU, Becton Dickinson) in 500 µl PBS.
Small intestine was harvested after 24 hours and paraffin embedded tissues was stained with anti-BrdU antibody (Calbiochem, JA1599). TUNEL staining in paraffin embedded small intestine sections was performed in the Histology core facility of Albert Einstein College of Medicine.
TLR2 and 4 inhibition experiments
Freshly isolated jejunum villi enterocytes were incubated in the presence of TLR2 inhibitory antibody (50 µg/ml, eBioscience, 14-9024-82) and TLR4 inhibitor (100 µg/ml, Invivogen, lps-rs)
for 3 hours at 37°C, 5% CO2. After incubation, enterocytes were isolated and pooled for RNA isolation. Experiments were repeated at least twice.
Intravital imaging of the intestines
The intravital imaging of the intestines was performed as previously described (McDole JR Nature 2012). Briefly, mice were anesthetized with 100 mg/kg of Ketamine and 10 mg/kg of Xylazine. A small vertical incision was made in the abdominal wall and the small intestine was exposed. 1 mg of Dextran Texas-red 3000 mw (life technologies) and 0.1 mg of DAPI (life technologies) was injected in the lumen of the intestine 15 min before imaging. The intestine is secured to a glass coverslip by a thin ring of vetbond on the upper chamber plate. To image the luminal surface a small longitudinal incision was made in the intestine to avoid large blood vessels. The imaging chamber was maintained at 37°C using a dual-channel heating system (Warner Instruments).
